Continuing the kinetic studies on the pyridinolyses of the phosphonochloridothioates, the nucleophilic substitution reactions of O-propyl (4) and O-isopropyl (5) phenyl phosphonochloridothioates with X-pyridines have been carried out kinetically in acetonitrile (MeCN) at 35.0 ± 0.1 ºC (Scheme 1). The kinetic results of the present work are compared with those of the pydidinolyses of
Results and Discussion
The second-order rate constants [k 2 (M -1 s Table 1 , together with the selectivity parameters, ρ X and β X . The pyridinolysis rates of 4 are 1.4-1.7 times faster than those of 5. The substituent effects of the nucleophiles on the rates are in consistent with those for a typical nucleophilic substitution reaction with a positive charge development at the nucleophilic N atom in the transition state (TS). The free energy correlations for both 4 and 5, however, exhibit biphasic concave upwards with a break point at X = H (Fig. 1) . Similarities of the substituent effects of X on the pyridinolysis rates between 4 and 5 strongly suggest that the pyridinolyses of both 4 and 5 proceed through the same mechanism. The magnitudes of β X [= 2.09 (4) and 2.01 (5) ] values with more basic pyridines (X = 4-MeO, 4-Me, 3-Me, H) are ca. four times greater than those [β X = 0.48(4) and 0.47 (5) ] with less basic pyridines (X = H, . The magnitudes of selectivity parameters with more basic pyridines are considerably larger than with less basic pyridines, indicating ) and Selectivity Parameters (ρX and βX) of the Reactions of O-Propyl (4) and O-Isopropyl (5) Phenyl Phosphonochloridothioates with X-Pyridines in MeCN at 35.0 
Notes
greater degree of bond formation with more basic pyridines than with less basic pyridines in the TS. 
3 Brönsted coefficients (β X ), cross-interaction constants (CICs; ρ XY ) 4 and free energy correlations for the substituent X and Y variations in the nucleophiles and substrates, respectively, of the pyridinolyses of the seven phosphonochloridothioates of 1-7 in MeCN. In view of the pyridinolysis rates of 1-6, 5 the rates do not show linear correlation with the positive NBO charge at the reaction center P atom. These indicate that the inductive effects of the two ligands do not play any role to decide the pyridinolysis rates of the phosphonochloridothioates. Figure 2 shows the Taft plot according to 'log k 2 = δΣE S + C'. Note that the numbering of the substrates of 1-6 follows the sequence of the size of the two ligands.
2 The pyridinolysis rates of 2-5 with phenyl and alkoxy ligands are inversely proportional to the size of the two ligands, indicating that the steric effects of the two ligands are major factor to decide the rates. The pyridinolysis rates of 1 and 6 with phenoxy ligand show positive deviations from the Taft plot of 2-5, and the rate of 1 is faster than that of 6. The anilinolysis rates of the phosphonochloridothioates show the similar trend.
6 Moreover, the same trends were also observed for the pyridinolyses of the chlorophos-
8 and for the anilinolyses of chlorophosphates 9 and chlorothiophosphates. 9c,d,10 Thus, the authors conclude that the substrates with phenoxy ligand(s) of a group differ from those without phenoxy ligand(s) of b group regarding the steric effects of the two ligands on the aminolysis rates.
The authors proposed a stepwise mechanism with a ratelimiting bond formation (or a concerted S N 2 mechanism) for the pyridinolyses of 6 based on the negative value of ρ XY .
4 In the case of the pyridinolyses of 1 and 7, four values of ρ XY were obtained because both the Hammett plots for substituent X and Y variations are biphasic. In 1, a stepwise mechanism with a rate-limiting bond formation was proposed with a-block based on the negative ρ XY value, and a stepwise mechanism with a rate-limiting leaving group departure from the intermediate was proposed with b-, cand d-blocks based on the positive and null ρ XY values.
11 In 7, a stepwise mechanism with a rate-limiting leaving group departure from the intermediate was proposed with all blocks, a-, b-, c-and d-blocks based on the positive and null ρ XY values.
11 The authors proposed a stepwise mechanism with a rate-limiting leaving group expulsion from the intermediate for the pyridinolyses of 2 and 3, the same mechanism for the pyridinolyses of 7, based on the very similar trends of the β X values and free energy relationships with X. In the present work of the pyridinolyses of 4 and 5, a stepwise mechanism with a rate-limiting leaving group departure from the intermediate is proposed based on the same reason as in 2, 3 and 7. Taking into account the considerably larger values of β X = 2.09(4) and 2.01(5) compared to those of β X = 1.42(2), 1.39(3) and 1.42-1.49(7) with more basic pyridines, the extents of the degree of bond formation of 4 and 5 are greater than those of 2, 3 and 7 in the TS.
In view of biphasic concave upward free energy correlations for substituent X variations of 2-5, and 7, the greater β X values with more basic pyridines than those with less basic pyridines indicate a frontside attack TSf with more basic pyridines and a backside attack TSb with less basic pyridines (Scheme 2). It is worthy of note that the magnitudes of ρ X and β X values involving a frontside attack TSf are greater than those involving a backside attack TSb.
12
Activation parameters, enthalpies and entropies of activation, are determined for the pyridinolysis (with C 5 H 5 N) of 4 and 5 in Table 3 . The enthalpies of activation is relatively small and entropies of activation is relatively large negative values in consistent with the typical aminolyses of P=S systems.
In summary, the kinetic studies on the reactions of Opropyl (4) and O-isopropyl (5) phenyl phosphonochloridothioate with X-pyridines have been carried out in acetonitrile at 35.0 ºC. The free energy correlations with X in the nucleophiles are biphasic concave upwards with a break point at X = H for both substrates. The steric effects of the two ligands are major factor to decide the rate. A stepwise mechanism with a rate-limiting leaving group departure from the intermediate is proposed based on the β X values and biphasic concave upward free energy relationship for both substrates. The biphasic concave upward free energy relationships are rationalized by a frontside nucleophilic attack TSf with more basic pyridines and a backside attack TSb with less basic pyridines for both substrates.
Experimental Section
Materials. GR grade pyridines and HPLC grade MeCN (water content < 0.005%) were used for kinetic studies without further purification. O-Propyl (4) and O-isopropyl (5) phenyl phosphonochloridothioates were prepared as reported earlier. The product was isolated after treatment with ether and acetonitrile, and then dried under reduced pressure. The analytical and spectroscopic data of the products are summarized as follows: 
